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Description

FIELD

[0001] This disclosure relates generally to magnetic
field sensors and more particularly, to magnetic field sen-
sors for speed and direction measurement.

BACKGROUND

[0002] Magnetic field sensors that sense motion of a
target are known. The target can be a ferromagnetic tar-
get or a magnetic target (e.g., a ring magnet). Often, the
sensed target motion is rotation. Such sensors detect
features of the rotating target’s profile, for example, teeth
and valleys of a ferrous gear or north and south poles of
a magnetic target such as a ring magnet.
[0003] The magnetic field associated with the target
profile is sensed by a magnetic field sensing element,
such as Hall element or magnetoresistive (MR) element.
As the target passes the sensing element, the magnetic
field experienced by the sensing element varies in rela-
tion to the target profile. The sensing element provides
a signal proportional to the sensed magnetic field and
the sensor processes the magnetic field signal to gener-
ate an output, for example, a signal that changes state
each time the magnetic field signal crosses a threshold.
Such an output can be used to provide rotational speed
information. A second sensing element can be employed
to generate an output for rotational direction detection as
well.
[0004] Some sensors, referred to as differential sen-
sors, contain two sensing elements configured in a dif-
ferential arrangement. In differential magnetic field sen-
sors, the difference between the signals provided by the
two sensing elements is used to generate a differential
magnetic field signal indicative of the target’s features.
As the differential magnetic field sensor only responds
to changes in magnetic field strength, it is relatively im-
mune to interference. Differential sensors containing
three or more sensing elements can be used to provide
rotational speed and direction information.
[0005] Unlike the non-differential sensing type mag-
netic field sensor, the differential magnetic field sensor
is orientation dependent with respect to the target. Thus,
when a differential magnetic field sensor is used to meas-
ure the speed (or direction) of a rotating target, the pair
of sensing elements has to be centered over the target’s
profile for optimum performance. Misalignment of the
sensing elements relative to the target profile results in
a reduction of the peak-to-peak signal. Consequently,
applications that cannot control the sensor-to-target
alignment usually employ a non-differential sensing type
sensor.
[0006] US 2012/249133 A1 discloses a differential
magnetic field sensor that enables operation that is in-
dependent of sensor-to-target orientation. The differen-
tial magnetic field sensor is provided with at least two

differential channels. Each differential channel includes
a pair of magnetic field sensing elements and has a re-
spective sensing axis defined by those magnetic field
sensing elements. The sensing axes are not aligned with
respect to each other. One sensing axis is positioned
relative to a reference axis of a target profile to define an
orientation angle between the sensing axis and the ref-
erence axis. The differential magnetic field sensor in-
cludes circuitry to produce differential signals associated
with the differential channels and use those differential
signals to produce a single differential signal having an
amplitude that is independent of the orientation angle.
[0007] DE 10 2013 000430 A1 discloses a measuring
system having a magnetic field sensor arrangement that
is provided with magnetic field sensors for measuring the
components of a magnetic field vector in predetermined
directions. The magnetic field sensors are connected
with an evaluation circuit, which is provided to determine
the position of a transmitter based on the measurement
signals of the magnetic field sensors.
[0008] DE 10 2014 101025 A1 discloses systems and
methods for reducing errors in sensor devices and sys-
tems. The sensor devices comprise magnetic field sen-
sor devices, such as ordinary or vertical Hall sensor de-
vices, and the error to be reduced is a residual offset
error, though in other arrangements other sensor devices
can be used and/or other types of errors can be targeted
for reduction or elimination. In one arrangement, at least
two such sensor devices not electrically coupled with one
another are sequentially operated in a spinning current-
type mode such that an individual output signal from each
of the at least two sensor devices is obtained. A total
output signal can then be calculated, such as by averag-
ing or otherwise combining the individual output signals
from each sensor device.

SUMMARY

[0009] A magnetic field sensor includes at least first,
second, and third spaced magnetic field sensing ele-
ments, each providing a respective first, second, and
third magnetic field signal having an amplitude propor-
tional to a magnetic field associated with a target. The
sensor includes a first differential channel comprising a
first pair of the first, second, and third magnetic field sens-
ing elements and configured to provide a first channel
signal based on a difference between the magnetic field
signals provided by the first pair of magnetic field sensing
elements, a second differential channel comprising a
second pair of the first, second, and third magnetic field
sensing elements and configured to provide a second
channel signal based on a difference between the mag-
netic field signals provided by the second pair of magnetic
field sensing elements, and a third differential channel
comprising a third pair of the first, second, and third mag-
netic field sensing elements and configured to provide a
third channel signal based on a difference between the
magnetic field signals provided by the third pair of mag-
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netic field sensing elements. A combining element is pro-
vided to generate a combined signal based on the first,
second, and third magnetic field signals and control cir-
cuitry, responsive to the combined signal and to at least
one of the first, second, and third channel signals, gen-
erates a sensor output signal that is indicative of a speed
of motion and a direction of motion of the target and that
is independent of an installation angle of the magnetic
field sensor relative to the target.
[0010] Features may include one or more of the follow-
ing. The combining element may include a summation
element and the combined signal comprise a summation
signal based on a summation of the first, second, and
third magnetic field signals. The combining element may
be configured to perform one or more algebraic opera-
tions on at least two of the first, second, and third mag-
netic field signals. The control circuitry may include an
orientation independent speed detector to generate a
speed channel signal in response to at least one of the
first, second, and third channel signals and an orientation
independent direction detector responsive to the com-
bined signal and to the speed channel signal to generate
a direction indicator signal. The orientation independent
speed detector may include a peak-to-peak signal de-
tector and a comparator configured to detect which of
the first, second, and third channel signals has a largest
peak-to-peak amplitude and wherein the one of the first,
second, and third channel signals with the largest peak-
to-peak amplitude is processed to provide the speed
channel signal.
[0011] One of the magnetic field sensing elements in
each of the first and second pairs of magnetic field sens-
ing elements may be shared by the first and second dif-
ferential channels or alternatively, none of the magnetic
field sensing elements in each of the first and second
pairs of magnetic field sensing elements may be shared
by the first and second differential channels. In some
embodiments, the spacing between each of the first, sec-
ond, and third magnetic field sensing elements is sub-
stantially the same. In one configuration, the first and
second magnetic field sensing elements define a first ax-
is, the second and third magnetic field sensing elements
define a second axis, and the first and second axes are
at a substantially sixty degree angle with respect to each
other.
[0012] The orientation independent direction detector
may include a detector responsive to the combined signal
to generate a direction channel signal and an encoder
responsive to the speed channel signal and to the direc-
tion channel signal to generate a direction indicator signal
indicating a first direction of motion of the target when
the direction channel signal is in a first state as the speed
channel signal transitions in a predetermined direction
and indicating a second direction of motion of the target
when the direction channel signal is in a second state as
the speed channel signal transitions in the predetermined
direction. The direction channel signal may be in the first
state when the direction channel signal is greater than a

predetermined threshold and in a second state when the
direction channel signal is less than the predetermined
threshold. In an embodiment, the predetermined thresh-
old is proportional to a peak-to-peak amplitude of the
largest one of the first, second, and third channel signals.
[0013] In an embodiment, the sensor output signal has
transitions occurring at a frequency indicative of the
speed of motion of the target and a pulse width indicative
of the direction of motion of the target. Alternatively, the
sensor output signal may encode the speed of motion
and the direction of motion of the target in a protocol
selected for example from Inter-Integrated Circuit (I2C),
Serial Peripheral Interface (SPI), Single Edge Nibble
Transmission (SENT). The magnetic field sensing ele-
ments may take various forms such as a Hall-effect ele-
ment, a magnetoresistance (MR) element, or other type
of magnetic field sensitive element and may comprise a
material selected from a IV-type semiconductor material
or a III-V-type semiconductor material.
[0014] Also described is a method for sensing a speed
and direction of motion of a target relative to a magnetic
field sensor including providing at least first, second, and
third spaced magnetic field sensing elements, each pro-
viding a respective first, second, and third magnetic field
signal having an amplitude proportional to a magnetic
field associated with the target, processing a first pair of
the first, second, and third magnetic field signals to pro-
vide a first channel signal based on a difference between
the first pair of the first, second, and third magnetic field
signals, processing a second pair of the first, second,
and third magnetic field signals to provide a second chan-
nel signal based on a difference between the second pair
of the first, second, and third magnetic field signals, and
processing a third pair of the first, second, and third mag-
netic field signals to provide a third channel signal based
on a difference between the third pair of the first, second,
and third magnetic field signals. The method further in-
cludes combining at least two of the first, second, and
third magnetic field signals to generate a combined signal
and providing an indication of the speed and direction of
motion of the target in response to at least one of the
first, second, and third channel signals and the combined
signal, wherein the speed and direction indication is in-
dependent of an installation angle of the magnetic field
sensor relative to the target.
[0015] Combining the at least two of the first, second,
and third magnetic field signals may include summing
the first, second, and third magnetic field signals. Com-
bining at least two of the first, second, and third magnetic
field signals may include performing one or more alge-
braic operations on at least two of the first, second, and
third magnetic field signals. The method may include de-
termining which of the first, second, and third channel
signals has a largest peak-to-peak amplitude and pro-
viding the speed and direction indication in response to
the combined signal and the largest of the first, second,
and third channel signals. In an embodiment, providing
the speed and direction indication includes using the
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combined signal to generate a direction channel signal,
using the largest of the first, second, and third channel
signals to generate a speed channel signal, indicating a
first direction of motion of the target when the direction
channel signal is in a first state as the speed channel
signal transitions in a predetermined direction, and indi-
cating a second direction of motion of the target when
the direction channel signal is in a second state as the
speed channel signal transitions in the predetermined
direction. Providing the speed and direction indication
may include providing a signal having a pulse rate indic-
ative of the speed of motion of the target and a pulse
width indicative of the direction of motion of the target.
Providing the speed and direction indication may include
encoding the speed and direction indication in a protocol
selected for example from Inter-Integrated Circuit (I2C),
Serial Peripheral Interface (SPI), Single Edge Nibble
Transmission (SENT). The magnetic field sensing ele-
ments may take various forms such as a Hall-effect ele-
ment, a magnetoresistance (MR) element, or other type
of magnetic field sensitive element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing features may be more fully un-
derstood from the following description of the drawings.
The drawings aid in explaining and understanding the
disclosed technology. Since it is often impractical or im-
possible to illustrate and describe every possible embod-
iment, the provided figures depict one or more exemplary
embodiments. Accordingly, the figures are not intended
to limit the scope of the invention.

FIG. 1 is a pictorial representation of an exemplary
magnetic field sensor that includes three sensing el-
ements configured for orientation independent
speed and direction sensing;

FIG. 2 is a plan view of the magnetic field sensor of
FIG. 1 illustrating various installation angles;

FIG. 3 is a block diagram of the magnetic field sensor
of FIGs. 1 and 2 including three sensing elements
and circuitry to generate a speed and direction sig-
nal;

FIG. 4 is a flow diagram illustrating operation of the
orientation angle independent speed and direction
circuitry of FIG. 3;

FIG. 5 shows several illustrative waveforms associ-
ated with the magnetic field sensor of FIGs. 1 -3 when
the target is moving in a first direction; and

FIG. 6 shows several illustrative waveforms associ-
ated with the magnetic field sensor of FIGs. 1 -3 when
the target is moving in a second direction.

DETAILED DESCRIPTION

[0017] The features and other details of the disclosure
will now be more particularly described. It will be under-
stood that any specific embodiments described herein
are shown by way of illustration and not as limitations of
the concepts, systems, and techniques described herein.
The principal features of this disclosure can be employed
in various embodiments without departing from the scope
of the concepts sought to be protected.
[0018] For convenience, certain introductory concepts
and terms used in the specification are collected here.
[0019] As used herein, the term "magnetic field sensor"
is used to describe a circuit that uses a magnetic field
sensing element, generally in combination with other cir-
cuits. Magnetic field sensors are used in a variety of ap-
plications, including, but not limited to, an angle sensor
that senses an angle of a direction of a magnetic field, a
current sensor that senses a magnetic field generated
by a current carried by a current-carrying conductor, a
magnetic switch that senses the proximity of a ferromag-
netic object, a rotation detector that senses passing mag-
netic or ferromagnetic articles, for example, magnetic do-
mains of a ring magnet or a ferromagnetic target (e.g.,
gear teeth) where the magnetic field sensor may be used
in combination with a back-biased or other magnet, and
a magnetic field sensor that senses a density of a mag-
netic field.
[0020] As used herein, the term "magnetic field sens-
ing element" is used to describe a variety of electronic
elements that can sense a magnetic field. The magnetic
field sensing element can be, but is not limited to, a Hall
effect element, a magnetoresistance element, or a mag-
netotransistor. As is known, there are different types of
Hall effect elements, for example, a planar Hall element,
a vertical Hall element, and a Circular Vertical Hall (CVH)
element. As is also known, there are different types of
magnetoresistance elements, for example, a semicon-
ductor magnetoresistance element such as Indium Anti-
monide (InSb), a giant magnetoresistance (GMR) ele-
ment, for example, a spin valve, an anisotropic magne-
toresistance element (AMR), a tunneling magnetoresist-
ance (TMR) element, and a magnetic tunnel junction
(MTJ). The magnetic field sensing element may be a sin-
gle element or, alternatively, may include two or more
magnetic field sensing elements arranged in various con-
figurations, e.g., a half bridge or full (Wheatstone) bridge.
Depending on the device type and other application re-
quirements, the magnetic field sensing element may be
a device made of a type IV semiconductor material such
as Silicon (Si) or Germanium (Ge), or a type III-V semi-
conductor material like Gallium-Arsenide (GaAs) or an
Indium compound, e.g., Indium-Antimonide (InSb).
[0021] As used herein, the term "processor" is used to
describe an electronic circuit that performs a function, an
operation, or a sequence of operations. The function, op-
eration, or sequence of operations can be hard coded
into the electronic circuit or soft coded by way of instruc-
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tions stored in a memory device. A "processor" can per-
form the function, operation, or sequence of operations
using digital values or using analog signals. In some em-
bodiments, the "processor" can be embodied, for exam-
ple, in a specially programmed microprocessor, a digital
signal processor (DSP), or an application specific inte-
grated circuit (ASIC), which can be an analog ASIC or a
digital ASIC. Additionally, in some embodiments the
"processor" can be embodied in configurable hardware
such as field programmable gate arrays (FPGAs) or pro-
grammable logic arrays (PLAs). In some embodiments,
the "processor" can also be embodied in a microproces-
sor with associated program memory. Furthermore, in
some embodiments the "processor" can be embodied in
a discrete electronic circuit, which can be analog or dig-
ital.
[0022] Referring to FIGs. 1 and 2, a sensing arrange-
ment 10 includes a magnetic field sensor 20 arranged in
a radial sensing position relative to a rotating target 12.
The sensor 20 includes at least first, second, and third
magnetic field sensing elements 24a, 24b, 24c, respec-
tively, and circuitry to generate a sensor output signal
that is indicative of a speed and a direction of motion of
the target that is independent of an installation angle of
the sensor 20 relative to the target 12.
[0023] The target 12 rotates about an axis of rotation
22 in a target rotation plane 18. A face 20a of the sensor
20 opposes a profile 12a of the rotating target 12. A first
direction of rotation of the target 12 is indicated by arrow
16a and a second, opposite direction of rotation is indi-
cated by arrow 16b. Such rotation directions may be re-
ferred to as positive and negative rotation or forward and
reverse rotation. The designations of "positive" and "neg-
ative" and forward" and "reverse" are arbitrary and may
be varied without departing from the spirit of the disclo-
sure. The definition of which relative target rotation di-
rection is forward and which is reverse depends on the
position of the magnetic field sensor 20 relative to the
rotating target 12. For a given position and rotation di-
rection, the definition of forward and reverse can be pro-
grammed such that the device selects a specific pair of
magnetic field sensing elements that determines the ro-
tation direction for the given position. A mid-point of the
height of the target profile 12a is labeled reference axis
14.
[0024] The configuration of the magnetic field sensing
elements 24a - 24c and the sensor circuitry (FIG. 3) used
to generate the orientation independent sensor output
signal permits the sensor 20 to be installed at any angle
in a plane perpendicular to the target rotation plane 18.
This feature is illustrated in FIG. 2 which shows the sen-
sor 20 (in dotted lines) in different angular positions (i.e.,
installation angles) relative to the target 12, here labeled
positions 30a - 30f. The term "orientation independent"
as it is used herein to describe the sensor 20 and signals
associated with the sensor means that the sensor and
its output signal (including speed and direction informa-
tion) is largely insensitive to the angle at which the sensor

is positioned within the target rotation plane 18, although
as explained above, the position of the sensor 20 relative
to the target 12 will establish the definition of positive and
negative rotation directions for example. With the de-
scribed arrangements, both the speed and direction in-
formation provided by the sensor is largely insensitive to
the angle at which the sensor is positioned (at installation
time) and/or maintained (post-installation) relative to the
target. Such tolerance of the orientation angle can greatly
simplify sensor installation and maintenance, since man-
ufacturing procedures and/or packaging designs re-
quired to meet the sensor-to-target alignment specifica-
tions are unnecessary.
[0025] Certain changes in the installation angle of the
sensor relative to the target do not cause a direction in-
dication change. More particularly, angle changes on the
same side of the target rotation plane 18 (such as a
change in the installation angle from position 30a to po-
sition 30b as indicated by arrow 28a or a change in the
installation angle from position 30c to position 30d as
indicated by arrow 28b) will not cause a direction indica-
tion change. Other installation angle changes that cross
the target rotation plane 18 (such as a change in the
installation angle from position 30a to position 30c as
indicated by arrow 28c) will cause a direction indication
change.
[0026] The target 12 may be a magnetic or ferromag-
netic object. The ferromagnetic object can be a magnetic
object and the magnetic field detected by the magnetic
field sensor 20 may be generated by the target itself and
may vary depending on positions of the target relative to
the sensor 20. Alternatively, a separate source of a mag-
netic field may be provided (e.g., a permanent magnet
or hard ferromagnetic material) as part of, or adjacent to
the magnetic field sensor 20 and the magnetic field de-
tected by the sensor 20 may be altered by movement of
the ferromagnetic object. Such a separate magnet may
be provided in the sensor package on a side of the sens-
ing elements 24a - 24c opposite to the target 12, as in-
dicated by optional magnet 20b (FIG. 1).
[0027] Although the target 12 is shown in the form of
a ferromagnetic gear in the example embodiment, the
target may take other forms. For example, the target may
take the form of a ring magnet having magnetic domains
that are detected by the sensor 20. Additionally, the target
12 may be coupled to an automobile wheel, steering
shaft, or a camshaft, as a few examples.
[0028] Referring to FIG. 3, the magnetic field sensor
20 includes the first, second, and third magnetic field
sensing elements 24a, 24b, and 24c, respectively, con-
figured as described below. Each of the magnetic field
sensing elements generates a respective magnetic field
signal 124a, 124b, 124c having an amplitude proportional
to a magnetic field affected by movement of the target 12.
[0029] A first differential channel 130a refers to circuitry
that is responsive to the magnetic field signals from a
first pair of the magnetic field sensing elements 24a - 24c
and that generates a first channel output signal 150a
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based on a difference between the magnetic field signals
provided by the first pair of sensing elements (here ele-
ments 24a and 24b). Similarly, a second differential chan-
nel 130b includes circuitry that is responsive to a second
pair of the magnetic field sensing elements 24a - 24c to
generate a second channel output signal 150b based on
a difference between the magnetic field signals provided
by the second pair of sensing elements (here elements
24b and 24c). And a third differential channel 130c in-
cludes circuitry that is responsive to a third pair of the
magnetic field sensing elements 24a - 24c to generate a
third channel output signal 150c based on a difference
between the magnetic field signals provided by the third
pair of sensing elements (here elements 24c and 24a).
The designations of "first", "second" and "third" as to the
channels 130a -130c are arbitrary and indicate generally
that each of the resulting channel output signals 150a -
150c is indicative of the magnetic field sensed at a dif-
ferent respective location relative to the target 12.
[0030] The first differential channel 130a includes a
summation element 134a, as may be implemented with
a differential amplifier, to generate a signal 136a based
on a difference between the magnetic field signals pro-
vided by the first pair of magnetic field sensing elements,
here sensing elements 24a and 24b. An automatic offset
adjustment (AOA) signal 126 may be coupled to the sum-
mation element 134a to adjust the offset of the resulting
signal 136a. A preamplifier 138a may be provided to gen-
erate an amplified (i.e., gain-adjusted) signal that is cou-
pled to an analog to digital converter 142a, the output of
which may be sampled by a filter 146a to generate the
first channel output signal 150a, as shown. The gain and
offset adjustment of the magnetic field signals 124a -
124c may be performed during a calibration mode of op-
eration following power-on of the sensor.
[0031] In the illustrative embodiment, the circuitry of
the second differential channel 130b is substantially iden-
tical to the first differential channel 130a, but responds
to signals from a second pair of magnetic field sensing
elements, here sensing elements 24b and 24c. Thus, the
second differential channel 130b is shown to include
summation element 134b, preamplifier 138b, analog to
digital converter 142b, and filter 146b and provides the
second channel output signal 150b.
[0032] The third differential channel 130c includes a
summation element 152 that provides the third channel
output signal 150c as the difference between the first
channel output signal 150a and the second channel out-
put signal 150b. Thus, in the illustrative embodiment in
which the first channel output signal 150a is based on a
difference between the magnetic field signals from ele-
ments 24a and 24b and the second channel output signal
150b is based on a difference between the magnetic field
signals from elements 24b and 24c, the third channel
output signal 150c is based on a difference between the
magnetic field signals from elements 24c and 24a. Al-
though the third differential channel 130c shares circuitry
with the first and second differential channels 130a and

130b in the illustrative embodiment, it will be appreciated
that the third channel 130c may alternatively include ded-
icated circuit elements similar to those of the first and
second differential channels.
[0033] A combining element 160 is responsive to at
least two of the first, second, and third magnetic field
signals 124a, 124b, and 124c to generate a combined
signal 164 based on the magnetic field signals 124a-
124c. In an embodiment, combining element 160 may
take the form of a summation element to perform a simple
summation operation by which the first, second, and third
magnetic field signals 124a, 124b, and 124c are summed
to generate combined signal 164 in the form of a sum-
mation signal. Alternatively, combining element 160 may
perform a different and in some embodiments more com-
plex mathematical operation to combine signals 124a,
124b, and/or 124c to generate the signal 164, for example
using a combination of one or more algebraic functions
like addition, subtraction, multiplication and/or division.
Furthermore, combining element 160 may perform a
weighting function by which signals 124a, 124b, and 124c
are weighted and summed and/or weighted and com-
bined in a different manner.
[0034] Signal 164 may be processed in a manner sim-
ilar to the processing provided by the first and second
differential channels by circuitry 172 that may be referred
to as direction channel circuitry. Thus, the signal 164 may
be amplified by an amplifier 166, converted into a digital
signal by analog to digital converter 170 and filtered by
a filter 174 to provide a combined signal 176 based on
the magnetic field signals 124a -124c. An additional op-
tional input 162 to the combining circuit 160, Vbaseline,
may be provided to represent a systematic offset for sub-
traction by the combining circuit 160.
[0035] Control circuitry 180, responsive to the com-
bined signal 176 and to at least one of the first, second,
and third channel output signals 150a - 150c, is config-
ured to generate a sensor output signal 194 that is indic-
ative of a speed of motion and a direction of motion of
the target independent of an installation angle of the mag-
netic field sensor 20 relative to the target. The control
circuitry 180 includes an orientation independent speed
detector 184 that is responsive to the first, second, and
third channel output signals 150a, 150b, 150c to generate
a speed signal 186 (referred to herein alternatively as a
speed channel signal 186) having edges indicative of mo-
tion of the target. An orientation independent direction
detector 188 is responsive to the speed channel signal
186 and to the combined signal 176 to generate a direc-
tion indicator signal 190 indicative of a direction of motion
of the target. An output signal generator 192 generates
a sensor output signal 194 based on the speed channel
signal 186 and the direction indicator signal 190.
[0036] The sensor output signal 194 may be a voltage
signal containing pulses at a frequency or rate indicative
of the speed of motion of the target and pulse widths
indicative of the direction of motion of the target, as will
be described. In the illustrative embodiment, the sensor
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output signal 194 is used to generate a further sensor
output signal 200 in the form of current pulses on power
(VCC) and ground (GND) connections, in what is some-
times referred to as a two-wire configuration. To this end,
an output current generator 196 responds to the sensor
output signal 194 to generate the required current pulses.
An electrostatic discharge (ESD) protection device 198
may be coupled across the VCC and GND connections.
It will be appreciated that various formats and protocols
are possible for conveying information including direction
information in the sensor output signal. Other illustrative
signal formats are described in a U.S. Patent No.
8,624,588 entitled "Apparatus and Method for Providing
an Output Signal Indicative of a Speed of Rotation and
a Direction of Rotation as a Ferromagnetic Object" which
is assigned to the Assignee of the subject disclosure.
[0037] The sensor 20 may include additional support-
ing circuitry, such as a regulator 204 including a Power
on Reset function to keep the device reset until a prede-
termined minimum voltage is achieved between Vcc and
ground, an oscillator 206 providing suitable clock signals
to various circuit elements, and a Vcc programming block
208 which can be used to program various aspects of
operation, such as the definition of positive and negative
rotation directions. Fuses 210 may be alternatively or ad-
ditionally be provided to permit programmability of vari-
ous circuit functions such as the rotation direction defi-
nition.
[0038] As shown in FIGs. 1 and 3, the illustrated mag-
netic field sensing elements 24a - 24c are arranged in a
triangular configuration. The spacing between each of
the first, second, and third magnetic field sensing ele-
ments 24a - 24c may be substantially the same, as shown
in the illustrated embodiment, or alternatively, the spac-
ing between elements may vary. The first and second
elements 24a and 24b define a first sensing axis 122
(labeled in FIG. 3), the second and third elements 24b
and 24c define a second sensing axis 128, and the third
and first elements 24c and 24a define a third sensing
axis 132. Here, each of the first, second, and third sensing
axes 122, 128, and 132 are at a substantially sixty-degree
angle with respect to each other to form an equilateral
triangle. Other configurations of the three sensing ele-
ments are also possible while still providing the magnetic
field signals 124a, 124b, and 124c for processing to gen-
erate the orientation independent speed channel signal
186 and direction indicator signal 192. Furthermore,
while the illustrative embodiment includes three magnet-
ic field sensing elements 24a, 24b, and 24c, it should be
appreciated that three or more magnetic field sensing
elements can be used. Examples of magnetic field sens-
ing element configurations containing more than three
elements are shown in a U.S. Patent No. 8,729,892 en-
titled "Differential Magnetic Field Sensor Structure for
Orientation Independent Measurement" which patent is
assigned to the Assignee of the subject application and
incorporated herein by reference in its entirety.
[0039] Sensor 20 may be provided in the form of an

integrated circuit that has an active surface (coinciding
with the face 20a opposing the target profile 12a as
shown in FIG. 1) in which the sensing elements 24a -
24c and other circuitry is formed. Furthermore, such in-
tegrated circuit can include a single substrate or multiple
substrates in one or more sensor packages.
[0040] The speed detector 184 may take various forms
to generate the orientation independent speed channel
signal 186 based on a comparison of one or more of the
differential channel output signals 150a - 150c with a
threshold signal, so that the speed channel signal 186
has edges indicative of motion of the target. The speed
detector 184 may include a signal generator 184a and a
detector 184b. The signal generator 184a operates to
generate an orientation independent speed signal 185
based on the channel output signals 150a - 150c. The
signal 185 is said to be independent of the orientation
angle (i.e., installation angle) of the sensor and thus, is
much the same as that of the differential signal that would
be seen if the sensing axis 122, 128, 132 of the selected
channel were aligned with the target profile reference
axis 14 (FIG. 1).
[0041] In one embodiment, the signal generator 184a
includes a comparator or otherwise performs a compar-
ison function whereby the amplitudes of each of the three
channel output signals 150a - 150c are compared to one
another and the one of the signals with the greatest am-
plitude is used to provide the speed signal 185. The signal
generator 184a operates to determine the amplitudes of
the channel output signals 150a - 150c (such as by ob-
taining positive and negative peak values for each signal
by acquiring the channel output signals over at least one
period) and compares the amplitudes, for example, by
determining the absolute value of each of the signals
150a - 150c and comparing the absolute values to de-
termine which signal has the greatest amplitude. The
channel output signal having the greatest amplitude may
be selected to provide the signal 185 to the detector 184b
as described in the above-referenced U.S. Patent No.
8,729,892. As an alternative to selecting the channel out-
put signal having the greatest amplitude, the signal gen-
erator 184a may generate signal 185 as a mathematical
combination of the channel output signals 150a - 150c
and normalize the resulting signal to be independent of
orientation angle, as is also described in the above-ref-
erenced U.S. Patent No. 8,729,892.
[0042] The orientation independent speed signal 185
is coupled to the detector 184b that may include a peak
detector to generate the speed channel signal 186. Peak
detectors track the input signal 185 provided to the de-
tector and provide an output signal that switches when
the input signal crosses a threshold level. More particu-
larly, the detector 184b can be a peak-to-peak percent-
age detector in which the threshold level is based on a
peak-to-peak level of the signal 185. One such peak-to-
peak percentage detector is described in U.S. Patent No.
5,917,320 entitled "Detection of Passing Magnetic Arti-
cles While Periodically Adapting Detection Threshold,"
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which is assigned to the assignee of the present disclo-
sure and incorporated herein by reference in its entirety.
Alternatively, the detector 184b can be a slope-activated
detector (sometimes referred to as a peak referenced
detector) in which the threshold level is provided at some
offset level from the peaks and/or valleys of the input
signal 185 such that the resulting speed channel signal
186 transitions when the input signal 185 varies from its
peak or valley by more than the predetermined offset
amount. One such slope-activated detector is described
in U.S. Patent No. 6,091,239 entitled "Detection of Pass-
ing Magnetic Articles with a Peak Referenced Threshold
Detector," which is assigned to the assignee of the
present disclosure and incorporated herein by reference
in its entirety. As a further alternative, the detector 184b
may be provided in the form of a comparator or processor
performing a comparison function that operates to com-
pare the input signal 185 to a predetermined, fixed thresh-
old level. One such illustrative fixed threshold detector is
described in a U.S. Patent Application Publication No.
US-2012-0249126 entitled "Circuits and Methods for Mo-
tion Detection" which is assigned to the Assignee of the
present disclosure and incorporated herein by reference
in its entirety.
[0043] The orientation independent direction detector
188 responds to the speed channel signal 186 and to the
combined signal 176 (FIG. 3) to generate the direction
indicator signal 190 in a manner illustrated by the flow
diagram of FIG. 4 and the example waveforms of FIGs.
5 and 6. The direction detector 188 includes a detector
188a (that may be the same as or similar to the detector
184b and thus may take the form of a peak detector or
a comparator for example) to generate a direction signal
178 (referred to herein alternatively as the direction chan-
nel signal) in the form of a binary signal having transitions
based on a comparison of the combined signal 176 to a
threshold level. In an embodiment, the detector 188a is
a peak-to-peak percentage detector with a threshold lev-
el related to the peak-to-peak amplitude of the combined
signal 176. An encoder 188b responds to the direction
channel signal 178 and to the speed channel signal 186
to generate the direction indicator signal 190, as will be
described.
[0044] The output signal generator 192 generates the
sensor output signal 194 based on the speed channel
signal 186 and the direction indicator signal 190. The
sensor output signal 194 is indicative of both the speed
of rotation of the target and the direction of rotation. The
speed information may be conveyed by the frequency or
rate of pulses and the direction information may be con-
veyed in different ways. As one example (illustrated be-
low in FIGs. 5 and 6), direction information may be con-
veyed in the form of different pulse widths. In other em-
bodiments, the output signal 194 is provided in the form
of a digital word representative of the speed of rotation
and the direction of rotation of the target. It will be appre-
ciated however that various schemes are possible to
communicate direction information in the output signal,

such as those described in U.S. Patent No. 8,624,588
entitled "Apparatus and Method for Providing an Output
Signal Indicative of a Speed of Rotation and a Direction
of Rotation as a Ferromagnetic Object" which is assigned
to the assignee of the present disclosure and incorporate
herein by reference in its entirety.
[0045] The output current generator 196 provides two
levels of current representing two digital output states of
the sensor. Since the output current is provided on the
supply/ground lines, a device with the illustrated current
source output structure 196 is sometimes referred to as
a "two-wire" device. Alternatively, the output current gen-
erator 196 could be eliminated and the output signal gen-
erator 192 may include a totem-pole push-pull or open
drain, open collector output configuration. This type of
configuration is typical of devices that are sometimes re-
ferred to as "three-wire" devices. In such sensors, the
output signal 194 could be encoded in a protocol like
Inter-Integrated Circuit (I2C), Serial Peripheral Interface
(SPI), Single Edge Nibble Transmission (SENT) or other
protocols used in automotive, industrial or consumer ap-
plications.
[0046] In the illustrative embodiment, the control cir-
cuitry 180 is implemented in the digital domain, following
analog-to-digital conversion. Accordingly, the control cir-
cuitry 180 may be implemented with digital signal proc-
essor circuitry, state machine circuitry, software or other
suitable circuitry or techniques. Alternatively, it will be
appreciated that more or even all of the sensor circuitry
can be implemented with analog signals and circuitry.
[0047] FIG. 4 shows a flowchart corresponding to proc-
esses implemented by the sensor 20 of FIG. 3. Rectan-
gular elements, herein denoted "processing blocks," rep-
resent computer software instructions or groups of in-
structions. Diamond shaped elements, herein denoted
"decision blocks," can represent computer software in-
structions, or groups of instructions, which affect the ex-
ecution of the computer software instructions represent-
ed by the processing blocks. Alternatively, the processing
and decision blocks represent steps performed by func-
tionally equivalent circuits such as a digital signal proc-
essor circuit or an application specific integrated circuit
(ASIC). The flow diagram does not depict the syntax of
any particular programming language. Rather, the flow
diagram illustrates the functional information one of or-
dinary skill in the art requires to fabricate circuits or to
generate computer software to perform the processing
required of the particular apparatus. It should be noted
that many routine program elements, such as initializa-
tion of loops and variables and the use of temporary var-
iables are not shown. It will be appreciated by those of
ordinary skill in the art that unless otherwise indicated
herein, the particular sequence of blocks described is
illustrative only and can be varied without departing from
the spirit of the disclosure. Thus, unless otherwise stated,
the blocks described below are unordered meaning that,
when possible, the steps can be performed in any con-
venient or desirable order.
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[0048] Referring to FIG. 4, an illustrative process 300
as may be performed by the orientation independent di-
rection detector 188 (FIG. 3) with other portions of the
magnetic field sensor 20, commences at block 304, by
generating an orientation independent speed channel
signal (signal 186, FIG. 3). As noted above, in one em-
bodiment, speed channel signal 186 is provided in the
form of whichever channel output signal 150a - 150c has
the largest amplitude over a few cycles (e.g., gear teeth).
In a block 308, each of the magnetic field signals 124a -
124c is summed by a summing element 160, processed
by direction channel circuitry 172, and detector 188a to
generate direction channel signal 178. More particularly,
detector 188a (that may be the same as or similar to the
detector 184b and thus may take the form of a peak de-
tector or a comparator) generates a direction channel
signal 178 having transitions based on a comparison of
the combined signal 176 to a threshold. It will be appre-
ciated that in some embodiments, blocks 304 and 308
may occur in parallel for example.
[0049] In decision block 312, as may be performed by
encoder 188b (FIG. 3), it is determined if the direction
channel signal 178 is in a first state when the speed chan-
nel signal 186 transitions in a predetermined direction. If
the direction channel signal 178 is in a first state (e.g., at
a logic high level) when the speed channel signal 186
transitions in a predetermined direction (e.g., a positive-
going transition), then the direction indicator signal 190
is generated to indicate a positive direction of motion of
the target in block 316; whereas, if the direction channel
signal 178 is not in the first state when the speed channel
signal 186 transitions in the predetermined direction, then
the direction indicator signal 190 is generated to indicate
a negative direction of motion of the target in block 320.
More particularly, in block 316, the sensor output signal
194 or 200 may be generated to indicate both the positive
direction of motion of the target and the speed of motion
of the target and in block 320, the sensor output signal
194 or 200 may be generated to indicate both the nega-
tive direction of motion of the target and the speed of
motion of the target.
[0050] Operation of the orientation independent direc-
tion detector 188 is further illustrated by example wave-
forms in FIGs. 5 and 6. Each of FIGs. 5 and 6 shows a
target profile 12a (FIG. 1) rotating in relation to a resulting
speed channel magnetic field signal 400, 400’ and a di-
rection channel magnetic field signal 404, 404’, respec-
tively. FIG. 5 shows the target profile 12a rotating in a
first direction (e.g., forward or positive direction) and FIG.
6 shows the target profile 12b rotating in a second direc-
tion (e.g., reverse or negative direction). The speed chan-
nel magnetic field signal 400, 400’ corresponds to the
one of the differential channel output signals (i.e., signals
150a - 150c) that has the greatest amplitude (as deter-
mined in block 304 of FIG. 4 and as provided by signal
185 in FIG. 3). The direction channel magnetic field signal
404, 404’ corresponds to the combined signal 176 of FIG.
3 and thus, may be based on a combination of the mag-

netic field signals 124a - 124c from each of the magnetic
field sensing elements 24a - 24c, respectively.
[0051] The speed channel magnetic field signal 404,
404’ is processed by a detector (e.g., detector 184b of
FIG. 3) to generate the speed channel signal 408, 408’
(POSCOMP_SPD) that may be the same as or similar
to the speed channel signal 186 of FIG. 3. Thus, the
speed channel signal 408, 408’ is a binary signal having
transitions that correspond to a comparison of the speed
channel magnetic field signal 400, 400’ to a threshold by
the detector 184b. The rate of the pulses of the speed
channel signal 408, 408’ indicates the target rotation
speed.
[0052] The combined signal 404, 404’ is processed by
a detector 188 (e.g., detector 188a of FIG. 3) to generate
the direction channel signal 412, 412’ (POSCOMP_DIR)
that may be the same as or similar to the direction channel
signal 178 of FIG. 3. Thus, the direction channel signal
412, 412’ is a binary signal having transitions that corre-
spond to a comparison of the direction magnetic field
signal 404, 404’ to a threshold by the detector 188a.
[0053] The sensor output signal 416, 416’ (which may
be the same as or similar to the output signal 200 of FIG.
3) is provided with a pulse rate indicative of the speed of
rotation of the target and an indication of the direction of
rotation. As noted above, various schemes are possible
for conveying direction information. In the illustrated em-
bodiment, the direction of rotation is conveyed in the form
of a predetermined pulse width. As one particular exam-
ple, a positive direction of rotation may correspond to a
nominal pulse width of 45msec and a negative direction
of rotation may correspond to a nominal pulse width of
90msec.
[0054] By operation of the encoder 188b of FIG. 3 ac-
cording to block 312 of FIG. 4 and as shown in FIG. 5, if
the direction channel signal 412 is in a first state (i.e.,
greater than a predetermined threshold) when the speed
channel signal 408 transitions in a first predetermined
direction (i.e., a positive-going transition) or is in a second
state (i.e., less than a predetermined threshold) when
the speed signal 408 transitions in a second predeter-
mined direction (i.e., negative-going transition), then the
target is determined to be rotating in a first (e.g., a positive
or forward) direction; whereas as is shown in FIG. 6, if
the direction channel signal 412’ is in a second state (i.e.,
less than a predetermined threshold) when the speed
channel signal 408’ transitions in the first predetermined
direction (i.e., a positive-going transition) or is in a first
state (i.e., greater than a predetermined threshold) when
the speed channel signal 408’ transitions in the second
predetermined direction (i.e., negative-going transition),
then the target is determined to be rotating in a second
(e.g., a negative or reverse) direction.
[0055] The orientation independent magnetic field sen-
sor 20 with its multi-channel arrangement of sensing el-
ements, as described above, may be used in a variety
of applications. It is particularly well-suited to use in ro-
tational speed detection and timing control in automotive
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applications such as in anti-lock braking systems (ABS),
transmissions and crankshafts, among others. For ex-
ample, rotational speed information produced by a sen-
sor may be used by speedometers, tachometers, on-
board computers, tachographs (also known as chrono-
tachographs), and the like.
[0056] Although the orientation angle independent
techniques and designs have been illustrated herein with
reference to rotary sensing, they are applicable to linear
movement sensing as well. If the orientation angle is de-
termined, the angle information could be provided as
feedback to the user (to indicate a misalignment condi-
tion), or to other circuitry or processing elements for com-
pensation, calibration or other purposes. The orientation
angle independent techniques and designs described
herein may be suitable for use in any magnetically noisy
environment, as they allow for a clean signal independent
of orientation of sensor relative to a target and independ-
ent of DC magnetic perturbations.

Claims

1. A magnetic field sensor (20) comprising at least first,
second, and third spaced magnetic field sensing el-
ements (24a-c), each providing a respective first,
second, and third magnetic field signal (124a-c) hav-
ing an amplitude proportional to a magnetic field as-
sociated with a target (12), comprising:

a first differential channel (130a) comprising a
first pair (24a, 24b) of the first, second, and third
magnetic field sensing elements and configured
to provide a first channel signal (150a) based on
a difference between the magnetic field signals
provided by the first pair of magnetic field sens-
ing elements;
a second differential channel (130b) comprising
a second pair (24b, 24c) of the first, second, and
third magnetic field sensing elements and con-
figured to provide a second channel signal
(150b) based on a difference between the mag-
netic field signals provided by the second pair
of magnetic field sensing elements;
a third differential channel (130c) comprising a
third pair (24c, 24a) of the first, second, and third
magnetic field sensing elements and configured
to provide a third channel signal (150c) based
on a difference between the magnetic field sig-
nals provided by the third pair of magnetic field
sensing elements;
a combining element (160) to generate a com-
bined signal (176) based on the first, second,
and third magnetic field signals; and
control circuitry (180), coupled to receive the
combined signal and coupled to receive the first,
second, and third channel signals, to generate
a sensor output signal (194) that is indicative of

a speed of motion and a direction of motion of
the target and that is independent of an instal-
lation angle of the magnetic field sensor relative
to the target.

2. The magnetic field sensor of claim 1 wherein:

(i) the combining element (160) comprises a
summation element and the combined signal
comprises a summation signal based on a sum-
mation of the first, second, and third magnetic
field signals; or
(ii) the combining element is configured to per-
form one or more algebraic operations on at
least two of the first, second, and third magnetic
field signals.

3. The magnetic field sensor of claim 1 wherein the
control circuitry (180) comprises an orientation inde-
pendent speed detector (184) to generate a speed
channel signal (186) in response a selected one of
the first, second, and third channel signals and an
orientation independent direction detector (188) re-
sponsive to the combined signal (176) and to the
speed channel signal (186) to generate a direction
indicator signal (190).

4. The magnetic field sensor of claim 3 wherein the
orientation independent speed detector comprises
a peak-to-peak signal detector and a comparator
configured to detect which of the first, second, and
third channel signals has a largest peak-to-peak am-
plitude and wherein the one of the first, second, and
third channel signals with the largest peak-to-peak
amplitude is selected to provide the speed channel
signal.

5. The magnetic field sensor of claim 1 wherein one of
the magnetic field sensing elements (24b) in each
of the first and second pairs of magnetic field sensing
elements is shared by the first and second differential
channels (130a, 130b).

6. The magnetic field sensor of claim 1 wherein none
of the magnetic field sensing elements in each of the
first and second pairs of magnetic field sensing ele-
ments is shared by the first and second differential
channels.

7. The magnetic field sensor of claim 1 wherein the
spacing between each of the first, second, and third
magnetic field sensing elements is substantially the
same.

8. The magnetic field sensor of claim 1 wherein the first
and second magnetic field sensing elements define
a first axis (122) and wherein the second and third
magnetic field sensing elements define a second ax-
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is (128) and wherein the first and second axes are
at a substantially sixty degree angle with respect to
each other.

9. The magnetic field sensor of claim 3 wherein the
orientation independent direction detector (188)
comprises a detector (188a) responsive to the com-
bined signal to generate a direction channel signal
(178) and an encoder (188b) responsive to the speed
channel signal (186) and to the direction channel sig-
nal to generate the direction indicator signal (190)
indicating a first direction of motion of the target when
the direction channel signal is in a first state as the
speed channel signal transitions in a predetermined
direction and indicating a second direction of motion
of the target when the direction channel signal is in
a second state as the speed channel signal transi-
tions in the predetermined direction.

10. The magnetic field sensor of claim 9 wherein the
direction channel signal is in the first state when the
direction channel signal is greater than a predeter-
mined threshold and wherein the direction channel
signal is in a second state when the direction channel
signal is less than the predetermined threshold.

11. The magnetic field sensor of claim 10 wherein the
predetermined threshold is proportional to a peak-
to-peak amplitude of the one of the first, second, and
third channel signals with the largest peak-to-peak
amplitude.

12. The magnetic field sensor of claim 1 wherein:

(i) the sensor output signal (194) has transitions
occurring at a frequency that is indicative of the
speed of motion of the target (12) and a pulse
width that is indicative of the direction of motion
of the target; or
(ii) the sensor output signal indicates the speed
of motion and the direction of motion of the target
encoded in a protocol.

13. The magnetic field sensor of claim 1 wherein material
used to implement each of the magnetic field sensing
elements is a selected one of a IV-type semiconduc-
tor material or a III-V-type semiconductor material.

14. A method for sensing a speed and direction of motion
of a target (12) relative to a magnetic field sensor
(20), comprising:

providing at least first, second, and third spaced
magnetic field sensing elements (24a-c), each
providing a respective first, second, and third
magnetic field signal (124a-c) having an ampli-
tude proportional to a magnetic field associated
with the target;

processing a first pair (24a, 24b) of the first, sec-
ond, and third magnetic field signals to provide
a first channel signal (150a) based on a differ-
ence between the first pair of the first, second,
and third magnetic field signals;
processing a second pair (24b, 24c) of the first,
second, and third magnetic field signals to pro-
vide a second channel signal (150b) based on
a difference between the second pair of the first,
second, and third magnetic field signals;
processing a third pair (24c, 24a) of the first,
second, and third magnetic field signals to pro-
vide a third channel signal (150c) based on a
difference between the third pair of the first, sec-
ond, and third magnetic field signals;
combining at least two of the first, second, and
third magnetic field signals to generate a com-
bined signal (176); and
providing an indication of the speed and direc-
tion of motion of the target in response to a se-
lected one of the first, second, and third channel
signals and the combined signal, wherein the
speed and direction indication is independent of
an installation angle of the magnetic field sensor
relative to the target.

15. The method of claim 14 wherein combining at least
two of the first, second, and third magnetic field sig-
nals comprises:

(i) summing (308) the first, second, and third
magnetic field signals; or
(ii) performing one or more algebraic operations
on at least two of the first, second, and third mag-
netic field signals.

16. The method of claim 14 further comprising:

determining which of the first, second, and third
channel signals (150a-c) has a largest peak-to-
peak amplitude to provide the selected one of
the first, second, and third channel signals; and
providing the speed and direction indication in
response to the combined signal and the select-
ed one of the first, second, and third channel
signals.

17. The method of claim 16 wherein providing the speed
and direction indication comprises:

using the combined signal to generate a direc-
tion channel signal (178);
using the largest of the first, second, and third
channel signals to generate a speed channel
signal (186);
indicating a first direction of motion of the target
when the direction channel signal is in a first
state as the speed channel signal transitions in
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a predetermined direction; and
indicating a second direction of motion of the
target when the direction channel signal is in a
second state as the speed channel signal tran-
sitions in the predetermined direction.

18. The method of claim 14 wherein providing the speed
and direction indication comprises:

(i) providing a signal (194) having a pulse rate
indicative of the speed of motion of the target
and a pulse width indicative of the direction of
motion of the target; or
(ii) encoding the speed and direction indication
in a protocol.

19. The magnetic field sensor of claim 12, or the method
of claim 18, wherein the protocol is selected from
Inter-Integrated Circuit (I2C), Serial Peripheral Inter-
face (SPI), Single Edge Nibble Transmission
(SENT).

20. The method of claim 14 wherein providing at least
first, second, and third spaced magnetic field sensing
elements comprises positioning first, second, and
third spaced magnetic field sensing elements in an
equilateral triangle configuration.

21. The magnetic field sensor of claim 1, or the method
of claim 14, wherein each of the magnetic field sens-
ing elements is a selected one of a Hall-effect ele-
ment, a magnetoresistance (MR) element, or other
type of magnetic field sensitive element.

Patentansprüche

1. Magnetfeldsensor (20), der mindestens ein erstes,
ein zweites und ein drittes beabstandetes Magnet-
feldmesselement (24a-c) umfasst, von denen jedes
ein erstes, zweites und drittes Magnetfeldsignal
(124a-c) mit einer Amplitude proportional zu einem
Magnetfeld, das einem Ziel (12) zugeordnet ist, lie-
fert, umfassend:

ersten Differenzialkanal (130a), der ein erstes
Paar (24a, 24b) des ersten, zweiten und dritten
Magnetfeldmesselements umfasst und so kon-
figuriert ist, dass dieser ein erstes Kanalsignal
(150a) bereitstellt, basierend auf einer Differenz
zwischen den Magnetfeldsignalen, die von dem
ersten Paar von Magnetfeldmesselementen ge-
liefert werden;
zweiten Differenzialkanal (130b), der ein zwei-
tes Paar (24b, 24c) des ersten, zweiten und drit-
ten Magnetfeldmesselements umfasst und so
konfiguriert ist, dass dieser ein zweites Kanalsi-
gnal (150b) bereitstellt, basierend auf einer Dif-

ferenz zwischen den Magnetfeldsignalen, die
von dem zweiten Paar von Magnetfeldmesse-
lementen geliefert werden;
dritten Differentialkanal (130c), der ein drittes
Paar (24c, 24a) des ersten, zweiten und dritten
Magnetfeldmesselements umfasst und so kon-
figuriert ist, dass dieser ein drittes Kanalsignal
(150c) bereitstellt, basierend auf einer Differenz
zwischen den Magnetfeldsignalen, die von dem
dritten Paar von Magnetfeldmesselementen ge-
liefert werden;
Kombinationselement (160), das ein kombinier-
tes Signal (176) erzeugt, basierend auf den ers-
ten, zweiten und dritten Magnetfeldsignalen;
und
Steuerschaltung (180), die zum Empfangen des
kombinierten Signals und zum Empfangen des
ersten, zweiten und dritten Kanalsignals gekop-
pelt ist, um ein Sensorausgangssignal (194) zu
erzeugen, das eine Bewegungsgeschwindigkeit
und eine Bewegungsrichtung des Ziels anzeigt
und das unabhängig von einem Installationswin-
kel des Magnetfeldsensors relativ zum Ziel ist.

2. Magnetfeldsensor nach Anspruch 1, wobei:

(i) das Kombinationselement (160) ein Summie-
rungselement umfasst und das kombinierte Si-
gnal ein Summierungssignal umfasst, das auf
einer Summation des ersten, zweiten und dritten
Magnetfeldsignals basiert; oder
(ii) das Kombinationselement konfiguriert ist, ei-
ne oder mehrere algebraische Operationen auf
mindestens zwei der ersten, zweiten und dritten
Magnetfeldsignale auszuführen.

3. Magnetfeldsensor nach Anspruch 1, bei dem die
Steuerschaltung (180) einen richtungsunabhängi-
gen Geschwindigkeitsdetektor (184) zum Erzeugen
eines Geschwindigkeitskanalsignals (186) in Reak-
tion auf ein ausgewähltes Signal der ersten, zweiten
und dritten Kanalsignale und einen richtungsunab-
hängigen Richtungsdetektor (188) aufweist, der auf
das kombinierte Signal (176) und auf das Geschwin-
digkeitskanalsignal (186) anspricht, um ein Rich-
tungsanzeigesignal (190) zu erzeugen.

4. Magnetfeldsensor nach Anspruch 3, wobei der rich-
tungsunabhängige Geschwindigkeitsdetektor einen
Spitze-Spitze-Signaldetektor und einen Komparator
umfasst, der konfiguriert ist, um zu ermitteln, wel-
ches der ersten, zweiten und dritten Kanalsignale
die größte Spitze-Spitze-Amplitude aufweist und wo-
bei das Signal der ersten, zweiten und dritten Kanal-
signale mit der größten Spitze-Spitze-Amplitude
ausgewählt wird, um das Geschwindigkeitskanalsi-
gnal bereitzustellen.

21 22 



EP 3 304 003 B1

13

5

10

15

20

25

30

35

40

45

50

55

5. Magnetfeldsensor nach Anspruch 1, wobei eines der
Magnetfeldmesselemente (24b) in jedem der ersten
und zweiten Paare von Magnetfeldmesselementen
von dem ersten und dem zweiten Differenzialkanal
(130a, 130b) gemeinsam genutzt wird.

6. Magnetfeldsensor nach Anspruch 1, wobei keines
der Magnetfeldmesselemente in jedem der ersten
und zweiten Paare von Magnetfeldmesselementen
von dem ersten und dem zweiten Differenzialkanal
gemeinsam genutzt wird.

7. Magnetfeldsensor nach Anspruch 1, wobei der Ab-
stand zwischen jedem der ersten, zweiten und drit-
ten Magnetfeldmesselemente im Wesentlichen der
gleiche ist.

8. Magnetfeldsensor nach Anspruch 1, wobei das erste
und das zweite Magnetfeldmesselement eine erste
Achse (122) definieren und wobei das zweite und
das dritte Magnetfeldmesselement eine zweite Ach-
se (128) definieren und wobei die erste und die zwei-
te Achse einen Winkel von im Wesentlichen 60 Grad
zueinander aufweisen.

9. Magnetfeldsensor nach Anspruch 3, wobei der rich-
tungsunabhängige Richtungsdetektor (188) einen
Detektor (188a) aufweist, der auf das kombinierte
Signal anspricht, um ein Richtungskanalsignal (178)
zu erzeugen und einen Codierer (188b), der auf das
Geschwindigkeitskanalsignal (186) und auf das
Richtungskanalsignal anspricht, um das Richtungs-
anzeigesignal (190) zu erzeugen, das eine erste Be-
wegungsrichtung des Ziels angibt, wenn sich das
Richtungskanalsignal in einem ersten Zustand be-
findet, wenn das Geschwindigkeitskanalsignal in ei-
ne vorbestimmte Richtung übergeht und eine zweite
Richtung der Bewegung des Ziels anzeigt, wenn sich
das Richtungskanalsignal in einem zweiten Zustand
befindet, wenn das Geschwindigkeitskanalsignal in
die vorbestimmte Richtung übergeht.

10. Magnetfeldsensor nach Anspruch 9, wobei sich das
Richtungskanalsignal in dem ersten Zustand befin-
det, wenn das Richtungskanalsignal größer als ein
vorbestimmter Schwellenwert ist, und wobei sich
das Richtungskanalsignal in einem zweiten Zustand
befindet, wenn das Richtungskanalsignal kleiner als
der vorbestimmte Schwellenwert ist.

11. Magnetfeldsensor nach Anspruch 10, wobei der vor-
bestimmte Schwellwert proportional zu einer Spitze-
Spitze-Amplitude des Signals der ersten, zweiten
und dritten Kanalsignale mit der größten Spitze-Spit-
ze-Amplitude ist.

12. Magnetfeldsensor nach Anspruch 1, wobei:

(i) Das Sensorausgangssignal (194) Übergänge
aufweist, die bei einer Frequenz auftreten, die
die Bewegungsgeschwindigkeit des Ziels (12)
anzeigt, und eine Impulsbreite, die die Bewe-
gungsrichtung des Ziels anzeigt; oder
(ii) das Sensorausgangssignal die Bewegungs-
geschwindigkeit und die Bewegungsrichtung
des in einem Protokoll codierten Ziels anzeigt.

13. Magnetfeldsensor nach Anspruch 1, wobei das ver-
wendete Material zum Implementieren jedes des zu-
mindest einen Magnetfeldmesselements aus einem
Typ-IV-Halbleitermaterial oder einem Typ-III-V-
Halbleitermaterial ausgewählt wird.

14. Verfahren zum Erfassen einer Bewegungsge-
schwindigkeit und einer Bewegungsrichtung eines
Ziels (12) relativ zu einem Magnetfeldsensor (20),
umfassend:

Bereitstellen von zumindest einem ersten, zwei-
ten und dritten beabstandeten Magnetfeldmes-
selement (24a-c), von denen jedes ein erstes,
zweites und drittes Magnetfeldsignal (124a-c)
mit einer Amplitude proportional zu einem Ma-
gnetfeld, das dem Ziel zugeordnet ist, bereit-
stellt;
Verarbeiten eines ersten Paares (24a, 24b) der
ersten, zweiten und dritten Magnetfeldsignale,
um ein erstes Kanalsignal (150a), basierend auf
einer Differenz zwischen dem ersten Paar der
ersten, zweiten und dritten Magnetfeldsignale,
bereitzustellen;
Verarbeiten eines zweiten Paares (24b, 24c) der
ersten, zweiten und dritten Magnetfeldsignale,
um ein zweites Kanalsignal (150b), basierend
auf einer Differenz zwischen dem zweiten Paar
der ersten, zweiten und dritten Magnetfeldsig-
nale, bereitzustellen;
Verarbeiten eines dritten Paares (24c, 24a) der
ersten, zweiten und dritten Magnetfeldsignale,
um ein drittes Kanalsignal (150c), basierend auf
einer Differenz zwischen dem dritten Paar der
ersten, zweiten und dritten Magnetfeldsignale,
bereitzustellen;
Kombinieren von mindestens zwei der ersten,
zweiten und dritten Magnetfeldsignale, um ein
kombiniertes Signal (176) zu erzeugen; und
Bereitstellen einer Anzeige der Bewegungsge-
schwindigkeit und der Bewegungsrichtung des
Ziels in Reaktion auf ein ausgewähltes Signal
der ersten, zweiten und dritten Kanalsignale und
des kombinierten Signals, wobei die Geschwin-
digkeits- und Richtungsangabe unabhängig von
einem Installationswinkel des Magnetfeldsen-
sors relativ zum Ziel ist.

15. Verfahren nach Anspruch 14, wobei das Kombinie-
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ren von mindestens zwei der ersten, zweiten und
dritten Magnetfeldsignale Folgendes umfasst:

(i) Summieren (308) der ersten, zweiten und drit-
ten Magnetfeldsignale; oder
(ii) Durchführen einer oder mehrerer algebrai-
scher Operationen auf mindestens zwei der ers-
ten, zweiten und dritten Magnetfeldsignale.

16. Verfahren nach Anspruch 14, ferner umfassend:

Bestimmen, welches der ersten, zweiten und
dritten Kanalsignale (150a-c) eine größte Spit-
ze-Spitze-Amplitude aufweist, um das ausge-
wählte Signal der ersten, zweiten und dritten Ka-
nalsignale bereitzustellen; und
Bereitstellen der Geschwindigkeits- und Rich-
tungsangabe in Reaktion auf das kombinierte
Signal und des ausgewählten Signals der ers-
ten, zweiten und dritten Kanalsignale.

17. Verfahren nach Anspruch 16, wobei das Bereitstel-
len der Geschwindigkeits- und Richtungsangabe
Folgendes umfasst:

Verwenden des kombinierten Signals zum Er-
zeugen eines Richtungskanalsignals (178);
Verwenden des größten Signals der ersten,
zweiten und dritten Kanalsignale zum Erzeugen
eines Geschwindigkeitskanalsignals (186);
Anzeigen einer ersten Bewegungsrichtung des
Ziels, wenn sich das Richtungskanalsignal in ei-
nem ersten Zustand befindet und wenn das Ge-
schwindigkeitskanalsignal in eine vorbestimmte
Richtung übergeht; und
Anzeigen einer zweiten Bewegungsrichtung
des Ziels, wenn sich das Richtungskanalsignal
in einem zweiten Zustand befindet und wenn
das Geschwindigkeitskanalsignal in die vorbe-
stimmte Richtung übergeht.

18. Verfahren nach Anspruch 14, wobei das Bereitstel-
len der Geschwindigkeits- und Richtungsangabe
Folgendes umfasst:

(i) Bereitstellen eines Signals (194) mit einer die
Bewegungsgeschwindigkeit des Ziels anzei-
genden Impulsrate und einer die Bewegungs-
richtung des Ziels anzeigenden Impulsbreite;
oder
(ii) Codieren der Geschwindigkeits- und Rich-
tungsanzeige in einem Protokoll.

19. Magnetfeldsensor nach Anspruch 12 oder Verfahren
nach Anspruch 18, wobei das Protokoll aus einem
der Folgenden Inter-Integrated Circuit (I2C), serielle
Peripherieschnittstelle (SPI), Single Edge Nibble
Transmission (SENT) ausgewählt ist.

20. Verfahren nach Anspruch 14, wobei das Bereitstel-
len der mindestens ersten, zweiten und dritten be-
abstandeten Magnetfeldmesselemente das Positio-
nieren erster, zweiter und dritter beabstandeter Ma-
gnetfeldmesselemente in einer gleichseitigen Drei-
eckskonfiguration umfasst.

21. Magnetfeldsensor nach Anspruch 1 oder Verfahren
nach Anspruch 14, wobei jedes von dem zumindest
einen Magnetfeldmesselement aus einem Hallef-
fekt-Element, Magnetwiderstands-(MR)-Element
oder einem anderen Typ von magnetfeldempfindli-
chen Element ausgewählt wird.

Revendications

1. Capteur de champ magnétique (20) comprenant au
moins des premier, deuxième et troisième éléments
de détection de champ magnétique espacés (24a-
c), chacun fournissant un premier, deuxième et troi-
sième signal respectif de champ magnétique (124a-
c) ayant une amplitude proportionnelle à un champ
magnétique associé à une cible (12), comprenant :

un premier canal différentiel (130a) comprenant
une première paire (24a, 24b) des premier,
deuxième et troisième éléments de détection de
champ magnétique et configuré pour fournir un
premier signal de canal (150a) sur base d’une
différence entre les signaux de champ magné-
tique fournis par la première paire d’éléments
de détection de champ magnétique ;
un deuxième canal différentiel (130b) compre-
nant une deuxième paire (24b, 24c) des premier,
deuxième et troisième éléments de détection de
champ magnétique et configuré pour fournir un
deuxième signal de canal (150b) sur base d’une
différence entre les signaux de champ magné-
tique fournis par la deuxième paire d’éléments
de détection de champ magnétique ;
un troisième canal différentiel (130c) compre-
nant une troisième paire (24c, 24a) des premier,
deuxième et troisième éléments de détection de
champ magnétique et configuré pour fournir un
troisième signal de canal (150c) sur base d’une
différence entre les signaux de champ magné-
tique fournis par la troisième paire d’éléments
de détection de champ magnétique ;
un élément de combinaison (160) pour générer
un signal combiné (176) sur base des premier,
deuxième et troisième signaux de champ
magnétique ; et
un circuit de commande (180), couplé pour re-
cevoir le signal combiné et couplé pour recevoir
les premier, deuxième et troisième signaux de
canal, pour générer un signal de sortie de cap-
teur (194) indicatif d’une vitesse de mouvement

25 26 



EP 3 304 003 B1

15

5

10

15

20

25

30

35

40

45

50

55

et d’une direction de mouvement de la cible et
indépendant d’un angle de montage du capteur
de champ magnétique par rapport à la cible.

2. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel :

(i) l’élément de combinaison (160) comprend un
élément de sommation et le signal combiné
comprend un signal de sommation sur base
d’une addition des premier, deuxième et troisiè-
me signaux de champ magnétique ; ou
(ii) l’élément de combinaison est configuré pour
réaliser une ou plusieurs opérations algébriques
sur au moins deux des premier, deuxième et
troisième signaux de champ magnétique.

3. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel le circuit de commande (180) com-
prend un détecteur de vitesse indépendant de
l’orientation (184) pour générer un signal de canal
de vitesse (186) en réponse à un signal sélectionné
parmi les premier, deuxième et troisième signaux de
canal et un détecteur de direction indépendant de
l’orientation (188) sensible au signal combiné (176)
et au signal de canal de vitesse (186) pour générer
un signal indicateur de direction (190).

4. Capteur de champ magnétique selon la revendica-
tion 3, dans lequel le détecteur de vitesse indépen-
dant de l’orientation comprend un détecteur de si-
gnaux crête-à-crête et un comparateur configuré
pour détecter lequel des premier, deuxième et troi-
sième signaux de canal a la plus grande amplitude
crête-à-crête et dans lequel l’un parmi les premier,
deuxième et troisième signaux de canal avec la plus
grande amplitude crête-à-crête est sélectionné pour
alimenter le signal de canal de vitesse.

5. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel un des éléments de détection de
champ magnétique (24b) dans chacune des premiè-
re et deuxième paires d’éléments de détection de
champ magnétique est partagée par les premier et
deuxième canaux différentiels (130a, 130b).

6. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel aucun des éléments de détection
de champ magnétique dans chacune des première
et deuxième paires d’éléments de détection de
champ magnétique est partagée par les premier et
deuxième canaux différentiels.

7. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel l’espacement entre chacun des
premier, deuxième et troisième éléments de détec-
tion de champ magnétique est sensiblement identi-
que.

8. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel les premier et deuxième éléments
de détection de champ magnétique définissent un
premier axe (122) et dans lequel les deuxième et
troisième éléments de détection de champ magné-
tique définissent un deuxième axe (128) et dans le-
quel les premier et deuxième axes forment un angle
substantiellement de soixante degrés l’un par rap-
port à l’autre.

9. Capteur de champ magnétique selon la revendica-
tion 3, dans lequel le détecteur de direction indépen-
dant de l’orientation (188) comprend un détecteur
(188a) sensible au signal combiné pour générer un
signal de canal de direction (178) et un encodeur
(188b) sensible au signal de canal de vitesse (186)
et au signal de canal de direction pour générer le
signal indicateur de direction (190) indiquant une
première direction de mouvement de la cible lorsque
le signal de canal de direction se trouve dans un
premier état comme les transitions de signaux de
canal de vitesse dans une direction prédéterminée
et indiquant une deuxième direction de mouvement
de la cible lorsque le signal de canal de direction se
trouve dans un deuxième état comme les transitions
de signaux de canal de vitesse dans la direction pré-
déterminée.

10. Capteur de champ magnétique selon la revendica-
tion 9, dans lequel le signal de canal de direction se
trouve dans le premier état lorsque le signal de canal
de direction est supérieur à un seuil prédéterminé et
dans lequel le signal de canal de direction se trouve
dans un deuxième état lorsque le signal de canal de
direction est inférieur au seuil prédéterminé.

11. Capteur de champ magnétique selon la revendica-
tion 10, dans lequel le seuil prédéterminé est pro-
portionnel à une amplitude crête-à-crête de l’un par-
mi le premier, deuxième et troisième signaux de ca-
nal avec la plus grande amplitude crête-à-crête.

12. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel :

(i) le signal de sortie de capteur (194) a des tran-
sitions se passant à une fréquence indicative de
la vitesse de mouvement de la cible (12) et une
largeur d’impulsion indicative de la direction de
mouvement de la cible ; ou
(ii) le signal de sortie de capteur indique la vi-
tesse de mouvement et la direction de mouve-
ment de la cible codées dans un protocole.

13. Capteur de champ magnétique selon la revendica-
tion 1, dans lequel le matériau utilisé pour mettre en
oeuvre chacun des éléments de détection de champ
magnétique est un matériau sélectionné parmi un
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matériau semiconducteur de type IV ou un matériau
semiconducteur de type III-V.

14. Procédé pour la détection d’une vitesse et d’une di-
rection de mouvement d’une cible (12) par rapport
à un capteur de champ magnétique (20),
comprenant :

la fourniture d’au moins des premier, deuxième
et troisième éléments de détection de champ
magnétique espacés (24a-c), chacun fournis-
sant un premier, deuxième et troisième signal
respectif de champ magnétique (124a-c) ayant
une amplitude proportionnelle à un champ ma-
gnétique associé à la cible ;
le traitement d’une première paire (24a, 24b)
des premier, deuxième et troisième signaux de
champ magnétique pour fournir un premier si-
gnal de canal (150a) sur base d’une différence
entre la première paire des premier, deuxième
et troisième signaux de champ magnétique ;
le traitement d’une deuxième paire (24b, 24c)
des premier, deuxième et troisième signaux de
champ magnétique pour fournir un deuxième si-
gnal de canal (150b) sur base d’une différence
entre la deuxième paire des premier, deuxième
et troisième signaux de champ magnétique ;
le traitement d’une troisième paire (24c, 24a)
des premier, deuxième et troisième signaux de
champ magnétique pour fournir un troisième si-
gnal de canal (150c) sur base d’une différence
entre la troisième paire des premier, deuxième
et troisième signaux de champ magnétique ;
la combinaison d’au moins deux des premier,
deuxième et troisième signaux de champ ma-
gnétique pour générer un signal combiné (176) ;
et
la fourniture d’une indication de la vitesse et de
la direction de mouvement de la cible en répon-
se à un signal sélectionné parmi les premier,
deuxième et troisième signaux de canal et le
signal combiné, dans lequel l’indication de vi-
tesse et direction est indépendante d’un angle
de montage du capteur de champ magnétique
par rapport à la cible.

15. Procédé selon la revendication 14, dans lequel la
combinaison d’au moins deux des premier, deuxiè-
me et troisième signaux de champ magnétique
comprend :

(i) l’addition (308) des premier, deuxième et troi-
sième signaux de champ magnétique ; ou
(ii) la réalisation d’une ou de plusieurs opéra-
tions algébriques sur au moins deux des pre-
mier, deuxième et troisième signaux de champ
magnétique.

16. Procédé selon la revendication 14, comprenant en
outre :

la détermination duquel parmi les premier,
deuxième et troisième signaux de canal (150a-
c) a la plus grande amplitude crête-à-crête pour
fournir le signal sélectionné des premier,
deuxième et troisième signaux de canal ; et
la fourniture de l’indication de vitesse et direction
en réponse au signal combiné et au signal sé-
lectionné des premier, deuxième et troisième si-
gnaux de canal.

17. Procédé selon la revendication 16, dans lequel la
fourniture de l’indication de vitesse et direction
comprend :

l’utilisation du signal combiné pour générer un
signal de canal de direction (178) ;
l’utilisation du plus grand signal parmi les pre-
mier, deuxième et troisième signaux de canal
pour générer un signal de canal de vitesse
(186) ;
l’indication d’une première direction de mouve-
ment de la cible lorsque le signal de canal de
direction se trouve dans un premier état comme
les transitions de signaux de canal de vitesse
dans une direction prédéterminée ; et
l’indication d’une deuxième direction de mouve-
ment de la cible lorsque le signal de canal de
direction se trouve dans un deuxième état com-
me les transitions de signaux de canal de vitesse
dans la direction prédéterminée.

18. Procédé selon la revendication 14, dans lequel la
fourniture de l’indication de vitesse et direction
comprend :

(i) la fourniture d’un signal (194) ayant une vi-
tesse d’impulsion indiquant la vitesse de mou-
vement de la cible et une largeur d’impulsion
indiquant la direction de mouvement de la cible ;
ou
(ii) le codage de l’indication de vitesse et direc-
tion dans un protocole.

19. Capteur de champ magnétique selon la revendica-
tion 12, ou procédé selon la revendication 18, dans
lequel le protocole est sélectionné parmi le Circuit
Inter-intégré (I2C), l’Interface de Périphérique Série
(SPI), la Transmission de Quartets à Bord Unique
(SENT).

20. Procédé selon la revendication 14, dans lequel la
fourniture d’au moins des premier, deuxième et troi-
sième éléments de détection de champ magnétique
espacés comprend le placement des premier,
deuxième et troisième éléments de détection de
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champ magnétique espacés dans une configuration
de triangle équilatéral.

21. Capteur de champ magnétique selon la revendica-
tion 1, ou procédé selon la revendication 14, dans
lequel chacun des éléments de détection de champ
magnétique est un élément sélectionné parmi un élé-
ment à effet Hall, un élément à magnétorésistance
(MR), ou un autre type d’élément sensible au champ
magnétique.
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